A growth regulator (G; 4-ethyl-1-hydroxy-4,8,8,10,10 pentamethyl-7,9-dioxo-2,3 dioxyabicyclo (4.4.0) decene-5) from Eucalyptus grandis (Maiden) reduced stomatal conductance and also photosynthetic capacity when fed through the transpiration stream of detached leaves. The concentration of G required for this effect was high (10-4 molar), but the amount of G taken up (dose) was below the level which has previously been found in E. grandis leaves. Similar effects were observed in detached leaves of Xanthimm strumariun L. though almost 10 times more G was required. G reduced C02-dependent 02 evolution from isolated cells of X. strumariun. In spinach (Spinacia oeracea L.) chloroplasts, electron transport through photosystem II was reduced by G. It is proposed that G affects stomatal conductance and photosynthesis by reducing photosystem II activity in both the guard cell chloroplasts and mesophyl cell chloroplasts.
The plant growth regulator G1 occurs in leaves of Eucalyptus grandis (from which it gets its name) and some other myrtaceous species (3, 4, 8) . The leaf content of G in E. grandis often approaches 7 mg/g fresh weight (4) . The structure of G has been determined (3, 18) . In addition to auxin-like activity (3) , exogenous G has been shown to reduce water loss from excised mung bean seedlings and E. rupicola cuttings (12) . The reduced water loss is associated with stomatal closure.
Many treatments that lead to stomatal closure also lead to a reduced capacity to fix CO2. This observation has led to the proposal that the stomata respond to signals from the mesophyll that provide information to the guard cells about the capacity of the mesophyll to assimilate carbon (19) . Alternatively, Sharkey and Raschke (16, 17) have argued that the observed correlation between stomatal conductance and photosynthetic capacity results from parallel but independent responses of guard cells and mesophyll cells to environmental stimuli. We investigated the effects of G on stomatal conductance and determined if G also reduced the photosynthetic capacity of E. grandis and Xanthium strumarium leaves using gas exchange techniques. X strumarium mesophyll cells and spinach chloroplasts were used to determine how G affects the photosynthetic apparatus. The results indicate that G inhibits PSII activity.
MATERIALS AND METHODS Preparation and Purity of G. The G used was from a large scale extraction of Eucalyptus grandis following Nicholls et al. (8) . This extraction involved recrystallization after separation from a cellulose column with ethylene glycol:water (4:1) and cyclohexane. The purity of this supply had been previously determined by UV and nuclear magnetic resonance spectra (3, 4 The temperature for all assays was 28°C. For CO2-dependent 02 evolution, CO2 was supplied by bubbling the cells and assay solutions with 1% CO2 in air.
The assay volume was 1.5 ml, and the Chl concentration was usually 10 ,ug ml-'. Chl concentration was determined according to Arnon (1) . The light intensity at the surface of the cuvette was I mE m-2 S-1 Gas Analysis. Fully expanded leaves were detached from juve-nile E. grandis or 1-month-old X strumarium plants. The E. grandis material was detached from node 5 (counting from the apex). The leaves were excised under water, and the petiole was left immersed in distilled H20. Conductance (stomatal plus boundary layer), CO2 assimilation, and intercellular CO2 concentration were monitored. After 1 h, a solution of G in ethanol or ethanol alone was added to the distilled H20, and gas exchange was monitored for another 2 h or longer. At least two sets of measurements were made for each concentration of G with E. grandis leaves, and comparative measurements were made using X. strumarium leaves.
Gas exchange of leaves was monitored by measurements of the rate of CO2 depletion and humidification of air passing over 2.44 cm2 of leaf surface. A small double-sided glass-and-aluminum leaf chamber was clamped onto the leaf. The leaf temperature was adjusted to about 28°C and was monitored with a 0.1 mm diameter copper-constantan thermocouple pressed against the abaxial surface. Illumination was provided by a water-cooled high-pressure xenon arc lamp (Osram XBF 25,000 w).
CO2-free air was humidified and passed through a condensor at 18°C. C02 was injected to give 330 The equations used to calculate assimilation rate, stomatal conductance, and intercellular CO2 concentration were those described by von Caemmerer and Farquhar (2) and take into account the increased flow rate of air out of the chamber as a result of evaporation and convection effects in the stomatal pore. These differences from standard gas exchange equations are usually small (1-3%) and sometimes offsetting. They have recently been tested by Sharkey et al. (14) .
We measured three parameters of stomatal closing in response to the various compounds as described by Raschke (13) . These parameters are explained in Table I .
RESULTS
Effect of G on Gas Exchange of Detached Leaves. Exogenous G fed to leaves of E. grandis and X strumarium reduced stomatal conductance and assimilation (Fig. 1) . The decline in stomatal conductance was not responsible for the decline in assimilation. Values for some parameters describing the effect of G on gas exchange are given in Table I (Table I ). E. grandis was much more sensitive to G than was X strumarium; approximately 1 order of magnitude more G was required to cause stomatal closure and reduce photosynthesis in X strumarium than in E. grandis.
Effect of G on 02 Evolution from Isolated X. strumarium Mesophyll Cells. G reduced C02-dependent 02 evolution from isolated X strumarium cells (Fig. 2) . The concentration of G required to inhibit 02 evolution was quite high with 0.5 mM G resulting in only a 20%o inhibition of 02 evolution, and 0.1 and 0.3 mM G giving a stimulation of 02 evolution. Parabenzylquinone can accept electrons from either PSI or PSII (9) and can be used with whole cells. To test whether G affected electron transport or carbon metabolism, 1 mm parabenzylquinone was added to the assay medium. Without G present, the rate of 02 evolution was 260 ,umol mg Chl-F h-1, but when 3 mm G was present, the rate was 115 ,umol mg Chl' h-' and was unstable. G was clearly affecting photosynthetic electron transport.
Effect of G on 02 Evolution from Spinach Chloroplasts. Uncoupled whole chain (water to methyl viologen) electron transport of spinach chloroplasts was reduced by 60%1o by 3 mm G (Table II) . PSII activity (water to DCIP2) was also reduced by 60%. PSI activity (ascorbate/DCIP to methyl viologen in the presence of DCMU) was stimulated by G when no uncoupler was added, but when NH4Cl was present, G caused a slight inhibition. Effect of G on Conductance. G caused a decline in stomatal conductance when fed to detached leaves (Fig. 1) . This confirms earlier work in which G was shown to reduce water loss from mung bean seedlings (12) . The simultaneous effect of G on photosynthesis and stomatal conductance is similar to the effect of DCMU when fed to detached leaves (17, 19) . The observation that electron transport inhibitors (such as DCMU) can cause stomatal conductance to decline in parallel with photosynthesis has been interpreted as suggestive of a link between the assimilation capacity of the mesophyll and stomatal conductance (19) . However, Sharkey and Raschke (17) have shown that the responsiveness of stomata to PSII inhibitors depends on the light quality during the treatment.
In blue light and often in white light, DCMU and other PSII inhibitors fed via the transpiration stream can eliminate assimilation without greatly affecting stomatal functioning, while in red light, they cause stomatal closure (16, 17) . The red light response of stomatal conductance has the same action spectrum as assimilation, so the red light photoreceptor is most likely Chl. The red light photoreceptor and blue light photoreceptor are both located very near the surface of the leaf, presumably in the guard cells (17) . Recently, it has been demonstrated by Outlaw et al (10) and Zeiger et al. (20) that both PSI and PSII are operative in guard cells. We believe that G reduces stomatal conductance by inhibiting PSII in the guard cells and reduces the assimilation rate by inhibiting PSII in the mesophyll cells. Our observation that conductance was sometimes affected before assimilation and sometimes affected in parallel with assimilation supports this conclusion.
G as a Natural Regulator of Photosynthesis. Since G occurs naturally in E. grandis in amounts greater than those required to reduce assimilation, it may be an endogenous regulator of photosynthesis. Such a role has been proposed for phaseic acid, a metabolite of ABA (6) . Although phaseic acid turned out to have no activity when purified (15) , Kriedemann et al (7) have demonstrated that plant extracts do contain substances that inhibit photosynthesis.
The amount of G required to reduce assimilation in detached X strumarium leaves is very large (Table II) . Several questions must first be answered before G can be considered an endogenous regulator of photosynthesis. Often the G content of E. grandis leaves is higher than 1 mm which we found is insoluble in water; thus, G could be bound to a protein or sequestered in the vacuole and so never exert its effect on photosynthesis. It will be important to establish how G is localized within the cell.
The natural role of G in Eucalypt physiology is unclear after 10 years of study. Perhaps G plays a role analogous to one of the plant hormones widely recognized in northern hemisphere mesophytes, but is is also possible that G has a unique role in Eucalypt physiology. One suggestion is that G may play a role in frost resistance since extractable G is much higher in winter when the leaves must withstand severe frosts than in summer (1 1) . Perhaps the effects of G on assimilation are only a symptom of effects of G on membrane organization that lead to frost tolerance.
